Geographic Analysis at Harvard University 3 In addition to current library holdings, HGL is also a distribution mechanism for 81 researcher-created datasets. When GIS projects lead to the creation of new data, those files can 82 be sent to the HMC for inclusion in the repository and catalog. This ability to accept GIS data 83 for distribution led to further collaborations with the CGA since 2006 . 84
The Establishment of the Center for Geographic Analysis 85
The field of geographic analysis underwent a series of revolutions in the past half a 86 century. The quantitative revolution brought quantitative analysis into geography in the 1950s, 87 which inspired a new generation of students and scholars (Dutton, 2006) . The birth of geographic 88 information systems in the 1960s equipped geographic analysis with computers (Niemann and 89 Niemann, 1998) . Computer cartography and analysis of remotely sensed images in the 1970s 90 presented new dimensions to the discipline. The integration of geographic analysis with 91 numerical models gained much ground in the 1980s, especially in the field of environmental 92 studies. The information technology (IT) boom in the 1990s gave geographic analysis a swift 93 push into the IT mainstream, complete with relational and object-oriented database management 94 systems (RDBMS and ODBMS), programming platforms, client server architectures, and web-95
Geographic Analysis at Harvard University 6 based implementations. The completion of the Global Positioning System (GPS) and the ever 96 increasing earth surveillance satellites resulted in an exponential increase of spatial data in native 97 digital format, feeding content to, and at the same time putting pressure on, the geographic 98 information systems. By the middle of 2000s, Google released Google Maps and Google Earth, 99 which generated a heightened public interest in geographical issues and expanded awareness of 100 geography in other disciplines. The geo-technological revolution is still ongoing as of today, 101 pushing geographic analysis up to computing clouds and down to mobile devices, into the hands 102 of all walks of life. Its continued growth has expanded job market for geographers, increased 103 enrollment in geography departments, and brought improvement in geography education at all 104 levels (Murphy, 2007) . 105
In 2003, a faculty committee on spatial analysis was formed at Harvard University, led by 106
Professor Peter Bol, a prominent historian and a pioneer in applying GIS to the study of history. 107
The committee was set to find a solution to address the increasing concerns from faculty and 108 students on improving access to spatial data, support for research employing geospatial analysis, 109 and curriculum development. Two years of investigation and discussion led to the decision by 110 the University President and Provost to establish the Center for Geographic Analysis (CGA). The 111 inauguration of the Center was held in May 5, 2006 (Gehrman, 2006), some called the day "a 112 new dawn for geography at Harvard" (Waters, 2006) . 113
From day one, the CGA has been focused on research and education in the field of spatial 114 analysis and geographic information. Building on the foundation established by the HMC and 115 HGL, the CGA was expected to create a more substantial infrastructure to support a wide range 116 of scholarly research projects that wish to apply, improve, or study geospatial analysis 117 Geographic Analysis at Harvard University 7 techniques. One of the largest and most advanced user groups is Harvard's medical and public 118 health research community. 119
Multifaceted Medical Research at Harvard University 120
Medical research is conducted at a number of institutions at Harvard University, 121 including the Harvard School of Public Health, Harvard Medical School (Figure 4) , and 122 affiliated hospitals, the Harvard Humanitarian Initiative, the Harvard Initiative for Global Health, 123 and the Faculty of Arts and Sciences. The following section will describe the application of 124 geographic analysis and GIS to medical research being conducted at Harvard University. 125 Table 1 . 165 Table 1 Geographic Analysis at Harvard University 14 the data is published via HGL. Many layers are restricted to Harvard affiliates only, but all 276 metadata is publically searchable so that non-Harvard researchers can at least discover that a data 277 set exists and get information on how to obtain the layer for themselves. Every effort is made to 278 license data for use by the entire Harvard Community. However sometimes that is just not 279 possible, and only a single user is allowed access at any time. In those cases, metadata is still 280 created and placed in the HGL catalog, with information on where to access the data set on 281 campus. By collaborating in this way, CGA and HMC have increased the size and value of the 282 HGL collections as well as the usefulness of the system to patrons. 283
Software Licenses and Labs 284
The CGA manages all University-wide geospatial software license contracts, and equips 285 computer labs across the University with updated versions of GIS, image processing, spatial data 286 conversion, visualization and geostatistical analysis software packages from multiple companies, 287 as well as some freeware and open source GIS tools. Most of these software licenses are 288 managed through a centralized license server, with one or two backup servers to maintain 289 uninterrupted availability. The HMC maintains a small lab of PCs equipped with GIS software 290 distributed by CGA, as well as powerful desktop publishing applications that can be used to 291 create professional quality illustrations. 292
The Harvard medical community has unique license requirements because of its 293 geographically distributed nature. Many Harvard Medical School and HSPH faculty members 294 also work in the various hospitals in Boston. The CGA provides special assistance to them, 295 making sure that their research and teaching needs are supported by the university floating 296
Geographic Analysis at Harvard University 15 licenses, while these licenses are not mistakenly used in the hospitals' operation, which would be 297 a violation of the university site license agreement. 298
Training Programs 299
Before the establishment of the CGA, the HMC GIS staff offered hands-on training in 300 both GIS and remote sensing, which were converted into online tutorials. These tutorial materials 301 continued to be available online through the HMC website. In addition, the CGA offers a multi-302 faceted GIS training program both on the main campus and on the Longwood medical campus. 303
This includes a number of credit courses at the introduction level, the senior thesis level, and the 304 graduate student level, tailored to meet different needs from students in different disciplines, 305 such as social sciences, environmental sciences, engineering, and public health. program is so popular that some applicants have to wait for a year to obtain a seat in it. Software 311 specific self-learning tutorials are easily accessible from the CGA website as well. 312
These training programs and the CGA's technical consultation services feed and backup 313 each other, and combined with the HMC's data service form a balanced support network to users 314 with different needs. Some researchers come to CGA for technical consultation first, but as their 315 projects develop, they realize that it would be more efficient if they themselves can do some 316 hands-on GIS work, thus they sign up for the training, and gradually become more independent 317 in designing and conducting their geographic analysis. On the contrary, some researchers have 318 Geographic Analysis at Harvard University 16 unrealistic goals in their geographic analysis project at first. After taking the training courses, 319 they realize that GIS is not as simple as just learning to use a piece of software. Their time is 320 better spent on focusing on their disciplinary topics, leaving the geographic analysis work to the 321 CGA staff. Thus they became more frequent users of the CGA analytical services after the 322 training. 323
Many students who took these courses or training programs went on to apply geographic 324 analysis in their thesis or dissertation work. In the past five years, one of the authors who served 325 on the review committee for the Howard T Fisher Prize in GIS 11 witnessed significant 326 improvement in the complexity and quality of GIS work among the award applicants. This 327 observation is shared by all members of the review committee. 328
Consultation and Help Desks 329
The CGA has designated office hours when users can walk in and ask for help ( Figure 5) . 330
Questions addressed at the CGA help desks include where to find certain data, how to do certain 331 analysis, which software tool is most appropriate for certain projects, how much to budget for 332 geographic analysis in certain grant proposals, which GPS model meets certain field work needs, 333 how to design the database or web service for certain projects, how to quickly learn certain GIS 334 skills, and many more. The CGA help desks on the main campus and the medical campus, 335 together with the virtual help desk (24 hour response time by email and/or phone) served over 336 100 inquires per month on average. Users range from faculty members, research associates, post-337 them, graduate students are the most numerous help desk users. 339 undergraduates, but there are also many graduate students who are introduced to GIS for the first 346 time at the HMC reference desk. 347
Analytical Services 348
In some cases, a help desk visit could lead to a follow up consultation session, which 349 could lead to a more dedicated service project. At this capacity, the CGA operates like an 350 internal consulting firm, working with the users to define project scope, specify deliverables, 
Technology Monitoring 366
With the rapid evolution of the geospatial technology, many faculty and students find that 367 even after investing significant amount of time learning the GIS tools, it is still very hard to keep 368 their skills and knowledge up to date with the changes. They could be proficient with one version 369 of a popular software, or one model of a popular equipment, but a couple of years later, they are 370 at a loss again when facing the new versions, new models, new data formats, and new 371 visualization trends. The CGA staff serves as the geospatial technology steward for the Harvard 372 GIS user community, monitoring, evaluating, reporting, selectively acquiring new technology 373 products, and introducing new methodologies, standards, architectural platforms, and technology 374 services. They attend the major geospatial conferences periodically, subscribe to the popular 375 technical newsletters and journals, and remain active in the geospatial professionals' circle. In 376 return, they publish a monthly newsletter to over 1000 readers, and maintain the CGA website 377 which averages over 1000 hits daily. 378
The CGA also hosts annual conferences, providing a forum for the Harvard users to 379 exchange ideas and experiences with invited scholars on geospatial technology and its 380 application in designated fields. Conference themes range from GIS, remote sensing,Geographic Analysis at Harvard University 28 Tables  585   Table 1 Selected Medical Research Projects at Harvard University 586
List of Figures

List of
